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WHEN the water users of Pe-oria, Ill., realized that a re-ceding water table in wells of 
limited depth was critically affecting 
the water supply for the many in-
dustries and for the municipality, they 
asked the Illinois State Water Survey 
to collect data and to conduct studies 
to determine the source and amount 
of available water in the vicinity. In 
view of the fact that Peoria is a high-
ly industrial city located on the Illinois 
River and centrally situated in the 
Illinois corn and grain belt, serving 
as a center for processing some $40,-
000,000 worth of farm products an-
nually, the problem was considered of 
first importance. 
Preliminary c a l c u l a t i o n s (1) 
showed that the limited storage in the 
area of heavy withdrawal could not 
provide the amount of water needed 
for industrial and municipal purposes 
without recharge from external 
sources. It was also observed that the 
quality of the ground water was not 
constant either throughout the area 
or at any particular well. As a part 
of the investigation, water samples 
were collected for partial analysis to 
determine the extent of variation in 
quality and to determine the actual 
character of the waters from the va-
rious sources. 
Since it was found, by correlation, 
that the water from a particular 
source is of generally constant char-
acter, it became possible to interpret 
the analytical data to show the origin 
of the waters obtained in each well 
field. Changes in character that oc-
curred at any particular well were 
accompanied by relative changes in 
hydrostatic pressure in the immediate 
vicinity as a result of both extraction 
and recharge. It was therefore neces-
sary to consider rainfall, river eleva-
tions and such pumpage records and 
water level data as were available. 
The study considered the water 
quality of the Illinois River and the 
industrial and municipal well fields of 
Peoria, as well as those of Peoria 
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Heights, East Peoria and Pekin. All 
available records on farm and com-
munity wells in the surrounding area 
roughly within a 25-mile radius were 
also included. With few exceptions, 
only drift wells above the bedrock 
were examined in the study, these 
ranging in depth from about 50 to 300 
ft. Water from the bedrock is not 
considered in this discussion, as it is 
highly mineralized and is not a major 
water supply factor in the area. 
Glacial Deposits 
The immediate Peoria-Pekin area 
offered no fixed reference values for 
the quality of water to be expected 
from any particular glacial deposit, 
because extraction and recharge dur-
ing the history of well water use in 
the area have altered the composition 
of the available water in the forma-
tions and continue to do so. To estab-
lish a working basis for comparison, 
however, well water samples were ob-
tained from the geologic formations in 
the region surrounding the area under 
study. 
In a recent unpublished report (2) 
on ground water geology of the Peoria 
Region, it has been shown that a 
broad buried valley connected with the 
Mississippi River existed at one time 
about 20 miles east of Peoria. Bed-
rock elevations vary from 300 to 750 
ft. msl. (mean sea level datum), and 
the ground surface varies from 440 to 
850 ft. msl. This buried rock valley is 
now filled with a pre-glacial or early 
glacial sand deposit (called Sankoty 
sand) to an elevation of about 500 ft. 
msl. This sand is also found in places 
along and under the present Illinois 
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River and at the base of another buried 
valley north and west of Peoria (Figs. 
1.2). 
The Sankoty sand is covered almost 
uniformly by the Illinoian glacial till. 
This was extensively cut by streams 
and does not constitute a major source 
of water. For the most part the San-
koty and Illinoian formations are 
overlain by the deposits from the Wis-
consin glacial period. These Wiscon-
sin moraines and till sheets are exten-
sive and cover almost the whole area. 
There has been considerable erosion 
along the present Illinois River, out-
wash deposits being found there and 
also as narrow fringes bordering the 
moraines. The deposits are thickest in 
these areas. For the most part, water 
is found only in discontinuous and 
lenticular deposits in the Wisconsin 
drift, but the outwash deposits below 
the lower terrace along the Illinois 
River are generally well stratified and 
are therefore favorable areas for 
ground water development. 
Water Quality Distinctions 
Water from the Sankoty formation 
was invariably found to be character-
ized by a low sulfate content and by 
the presence of appreciable concentra-
tions of ammonia and iron. Examina-
tion of 66 samples showed these 
waters to have a sulfate content below 
7 ppm. The iron content found was 
invariably greater than 1.0 ppm., and 
there was up to 10 ppm. of ammonia. 
Waters from the Wisconsin drift 
and the glacial outwash deposits are 
characterized by the presence of ap-
preciable sulfate concentrations. A 
further distinction was apparent in the 
nitrate content. Waters from glacial 
outwash deposits and from outwash 
valleys cut in any of the lower forma-
tions almost always contained large 
amounts of nitrates. Twenty-one sam-
ples from wells penetrating glacial 
outwash were found to contain 12 to 
425 ppm. of nitrates. The ion content 
of these samples was frequently, but 
not always, low, and the sulfate con-
tent ranged from 40 to 207 ppm. Some 
wells in the Wisconsin formation, 
near the areas where the bedrock 
outcrops, yield water of from 600 to 
1,000 ppm. of sulphates. 
Nineteen water samples from len-
ticular sand deposits in the Wisconsin 
drift areas contained 0 to 1 ppm. am-
monia, 1 to 15 ppm. of nitrates and 
15 to 102 ppm. of sulfate. The iron 
content varied from 0.2 to 6 ppm. 
The hardness and alkalinity of the 
samples from each formation were far 
from distinctive, varying from 200 to 
400 ppm. and 300 to 450 ppm., re-
snectively, for Sankoty water. For 
the Wisconsin and outwash waters, 
the hardness varied from 300 to 600 
ppm. and the alkalinity from 200 to 
500 ppm. Neither the hardness-alka-
linity nor the calcium-magnesium ra-
tio was consistently distinctive for 
waters from any formation. 
Illinois River 
Another factor considered was the 
quality of the Illinois River water. 
There is a dam across the narrow 
channel of the river south of the in-
dustrial district, which maintains a 
minimum level of 440 ft. msl. in the 
river and in Lake Peoria. The quality 
of the river water (minimum flow 
4,000 cfs.) is influenced not by the 
pool level but by the total flow and by 
the proportion of the total flow which 
originated as diversion from Lake 
Michigan and sewage from Chicago 
(average 3,000 cfs.). 
The mineral quality of the Illinois 
River water is characterized by its 
hardness-sulfate ratio. In general, 
the hardness (as CaCO3) varies. 
linearly with the sulfate concentra-
tion (SO 4 - - ) . The total hardness 
varies from 182 to 352 ppm., the total 
mineral content from 196 to 443 ppm., 
and the chlorides from 7 to 30 ppm. 
The nitrate content is less than 15 
ppm. The sulfate-hardness char-
acteristic of the Illinois River water 
is distinctively different from that of 
Farm Creek water (Fig. 1) and from 
any of the ground waters in the area. 
Method of Approach 
It became evident early in the inves-
tigation that each well or group of 
wells in a particular field required a 
study separate from the others. Each 
was influenced by local geological con-
ditions and pumpage. 
The greatest variations in analyses 
of samples from individual wells were 
in the sulfate and hardness concentra-
tions. It was found that the relative 
concentrations of these two constit-
uents served as excellent bases for 
interpretation. Variations were also 
noted in the temperature and in the 
alkalinity of the water from some 
wells. The alkalinity variations sup-
port the conclusion that there is some 
infiltration of river water into the 
Fig. 1. Bedrock Contours in the Peoria-Pekin Area* 
*Data obtained from Reference (2) and from an Ill. State Geological Survey Bulletin and an Ill. State Water Survey Bulletin, both of 
which were issued in 1948. 
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water-bearing gravel. Estimates of 
the sources of the water at any well 
are based on the general character of 
the waters, as exemplified graphically 
by patterns showing the hardness-sul-
fate relationships, rather than on the 
month-to-month variations. This pro-
cedure is necessary because of the 
rapid changes that have been found to 
take place from day to day and even 
from hour to hour. 
Pekin Field 
. The Pekin Field is located on the 
east side of the Illinois River, south of 
Peoria and downstream from the dam. 
It includes the Pekin city wells and 
the industrial wells southwest of 
Pekin. The water quality patterns of 
several of these wells and the three 
possible sources are shown in Fig. 2. 
It is apparent that the quality from 
each well varies considerably. In 
view of the character identifications 
discussed so far, two interpretations 
are possible. First, it may be reasoned 
that the patterns represent mixtures 
of Wisconsin drift water and Sankoty • 
water with a small quantity of Illinois 
River water. If this explanation were 
correct, however, each pattern should 
be confined within a narrow band lim-
ited by the hypothetical mixtures of 
these two waters. Actually, the hard-
Fig. 2. Cross-sections of Glacial Deposits in the Peoria-Pekin Area* 
*Data obtained from Reference (2) and from an Ill. State Geological Survey Bulletin and an Ill. State Water Survey Bulletin, both of 
which were issued in 1948. 
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Fig. 3. Relative Character of Illinois River 
and Farm Creek Waters 
(Straight lines represent the general char-
acter as given by mass of specific points.) 
Fig. 4. Character of Illinois River Water 
(Straight line represents the general character as given by mass of specific points.) 
Fig. 5. Character Patterns of Waters irom Industrial Wells South 
oi Pekin 
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Fig. 6. Calculated Per Cent of Illinois River Water Enter-
ing Corn Products Co. Wells No. 1. 2, and 3 
(After heavy rains and floods in 1943) 
nes's variations overhang the band on 
both sides, indicating the presence of 
a considerable proportion of water 
from other sources. In addition, sev-
eral tests have shown that the satura-
tion index of Sankoty water is posi-
tive, indicating calcium carbonate sat-
uration. These considerations indicate 
that the Pekin Field derives water 
from a third source. Again, waters 
from the Sankoty formation invari-
ably contain more than 1 pprh. of iron, 
whereas no indication of iron has 
been given in the analyses of the water 
from these wells. Only 4 of 72 
samples from the American Distilling 
Co. well contained more than 0.1 ppm. 
of iron. 
The Illinois River is a third possible 
source of water. Since this water has 
a negative saturation index, it could 
readily dissolve additional calcium and 
magnesium. 
Compared to the solubility of dolo-
mite, all other salts of calcium and 
 magnesium, as well as all sodium and 
potassium salts, are very soluble. It 
was therefore assumed that over a 
long period of time practically all of 
the soluble salts in the ground forma-
tion under and near the river were 
leached out, whereas much of the rela-
tively insoluble dolomite still remains. 
It was then postulated that, if Illinois 
River water entered the ground, its 
chemical character would be altered 
only by the solution of dolomite, 
thereby increasing the hardness and 
alkalinity by equal but unpredictable 
amounts. 
For this reason, the pattern for the 
Commonwealth Edison Powerton Sta-
tion Well No. 9 (Fig. 5) is inter-
preted to represent mixtures of San-
koty water (containing no sulfate) 
with Illinois River water (altered by 
an increase in hardness) and possibly 
some Wisconsin or outwash water. 
The patterns for the Powerton Sta-
tion Wells No. 4 and 1, and the Corn 
Products Co. Wells No. 1, 3 and 2 
are interpreted to show these waters 
to be predominantly mixtures, con-
taining progressively greater propor-
tions of Wisconsin or outwash waters 
with water of Illinois River origin. 
Further consideration of the relative 
location of these wells with respect to 
the Illinois River and to the channels 
to the Powerton Station, and of the 
relative pumpage from these wells and 
other wells in the immediate district, 
confirms and explains the interpreta-
tion of the analytical data. 
In 1943, during and after a severe 
flood, the Corn Products Co. made 
frequent analyses of samples of water 
from their wells. At no time were 
analyses found to be identical in qual-
ity or character to Illinois River wa-
ter, but with the aid of the assump-
tions c o n c e r n i n g the possible 
alteration of river water quality, an 
equation was developed to indicate the 
proportion of water coming from the 
river in each sample (Fig. 6) . 
Fig. 7. Character Pattern of Wells in East Peoria Fig. 8. Character Patterns of Wells in Sankoty Field. 
(Circles not labeled represent water from Caterpillar Co. Well No. 9) 
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Fig. 9. Sampling Data from Sankoty Field 
The character of Illinois River wa-
ter was defined by the general rela-
tionship between the hardness and 
sulfate content and the hardness and 
alkalinity (Fig. 3, 4 ) . 
Hardness =2.86 (SO4) —20 
Hardness = 1.85 (Alky.) —50 
Alkalinity = 1.55(SO4) + 1 6 
On passing through the ground to-
ward the well, this water would dis-
solve some dolomite and thereby in-
crease in hardness and alkalinity by Z 
pprn., but the sulfate content would 
be unaltered. If the sulfate, alkalinity 
and hardness of the transferred and 
altered river water are called A, B 
and C respectively, then: 
A = SO4 
B = Alkalinity+Z 
C  = H ardnes s  +Z 
and: 
If the ground water quality is arbi-
trarily exemplified by the analysis 
showing the greatest hardness and 
sulfate content, then the per cent x 
of river water in any sample can be 
calculated from the sulfate, alkalinity 
and hardness of any particular sample. 
The ground water is characterized by 
a hardness of 610 ppm., an alkalinity 
of 325 ppm. and a sulfate content of 
600 ppm. 
100 SO4 =xA+(100—x)600 
100 Alky =xB+(100—x)325 
100 Hdns = xC+(100—x)610 
B=36+C—1.31A 
For the purposes of illustration, 
Table I has been prepared to show the 
data used for the calculation of the 
per cent of river water obtained from 
B = 1.55A + 16+ [C—(2.86A—20)] =36 +C—1.31A 
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the Corn Products Refining Co. wells 
on June 10, 1943. 
The assumption of a definite point 
value for ground water and of a 
straight-line relationship for hard-
ness-sulfate and hardness-alkalinity 
for river water are actually rough 
approximations and involve a maxi-
mum possible error of about 50 per 
cent, but it was found that reasonable 
deviations from these ground water 
Table I 






















values and river character relation-
ships did not alter the trend of the 
results shown in Fig. 6. 
The data show that the heavy rain 
accompanying the flood period re-
charged the ground water supply and 
permitted a high percentage of ground 
water to be pumped from the wells 
for about a month after the flood pe-
riod. This was followed by a return 
to character indicative of river water 
origin. This set of interpretations is 
typical of the approach at the other 
well fields. 
East Peoria 
In East Peoria, the city wells are 
located between Farm Creek and a 
small branch tributary. It is evident 
from Fig. 7 that a large percentage 
of the water obtained from these wells 
is indirectly from Farm Creek. The 
old wells appear to contain a greater 
concentration of water from Farm 
Creek than the new wells. T h e tem-
perature of the water from these city 
wells of 25-ft. depth varies seasonally 
from 46° to 63°F. 
At the Caterpillar Tractor Co., con-
siderable variation in quality occurs 
from one well to another. Figure 7 
shows the general character of the 
water obtained from Well No. 9 over 
a period of five years and from each 
of the other wells on two specific 
dates. It appears that exceptionally 
high sulfate water is obtained from 
the Wisconsin drift at the bluffs to 
the south, as exemplified by the char-
acter of the water at the Caterpillar 
Well No. 15. 
Sankoty Field 
In the Sankoty field located north 
of Peoria Heights about three miles 
north of the Main Pumping Station of 
the Peoria Water Works Co., the 
quantity of water extracted for the 
city supply is such that approximately 
three months ' pumping would com-
pletely dewater the formation in the 
immediate area of the wells in this 
field, if there were no water entering 
from surrounding areas and no re-
charge. 
The Muirson Label Co. Well No. 
3 (Fig. 8) shows a considerable vari-
ation in quality because of its prox-
imity to all three of the recharge or 
inflow sources. The pumpage from 
this well (0.1 mgd.) and from the 
Minneapolis-Moline Co. well (0.001 
mgd.) is low, but the quality is greatly 
influenced by the pumpage in the 
nearby heavy producing area. 
Peoria Water Works Well No. 7, 
which is perhaps at the center of the 
greatest amount of extraction (Fig. 
6), also appears to be centered in the 
ranges of quality obtained from the 
three sources. The quality appears to 
be predominantly on the side of typical 
Sankoty water (zero sulfate) rather 
than on the side of Wisconsin drift or 
the Illinois River water. The temper-
ature is predominantly about 54°F., 
but occasionally varies to 53° and 
58°F. 
The quality of the water from each 
of the wells varies considerably and 
 at this field no clear interpretation 
could be made. Here again, however, 
the variations in quality for each par-
ticular well are limited to a specific or 
characteristic pattern of sulfate and 
hardness concentrations. Typical pat-
terns for the waters obtained in the 
field are compared with possible re-
charge waters. 
The qualities of these waters vary 
from that of typical original Sankoty 
formation water, such as that found 
in Peoria Heights Well No. 4 and in 
the Peoria Municipal Sanitarium well 
(located near the buried valley north-
west of Peoria), to that of the Illinois 
River, which is shown to have an 
appreciable sulfate concentration. In 
general, the hardness and the sulfate 
concentrations are not as great as 
those found in certain samples from 
Peoria Heights Wells No. 1 and 2 
at the bluffs on the south side of the 
heavy producing area. These wells. 
by virtue of their proximity to the 
bluffs, often appear to obtain a con-
siderable proportion of Wisconsin 
drift water of relatively high hardness 
and sulfate. 
It appears that water enters the 
heavy producing area of the Sankoty 
Field (Peoria Heights Well No. 5. 
Peoria Water Works Wells No. 7, 9, 
10, 11, 12 and 13) from the Wiscon-
sin drift, the underlying Sankoty sand 
and possibly the Illinois River. 
An attempt was made to obtain fur-
ther information by daily sampling 
of wells in this field in June 1945. The 
data collected are shown in Fig. 9. 
Unfortunately, the operation of the 
wells at this time did not permit suf-
ficient sampling to establish any defi-
nite conclusions other than that con-
siderable variation in quality occurs 
from day to day. 
Industrial Field 
In the industrial field, the records 
of analyses determined by Hiram 
Walker & Sons, are interpreted to 
show that much of the water obtained 
from the No. 2 Well, which is closest 
to the river (Fig. 10) was derived in-
directly from the river (solid-line pat-
tern) and that only after the high 
rainfall periods in 1942 and 1943 was 
an appreciable amount of ground 
water (high sulfate) obtained (ex-
tended broken-line pattern) at this 
well. 
In this well field, the relative pat-
terns of water character from several 
wells indicate the sources of water ob-
tained from these wells. These pat-
terns show that: 
1. The Hiram Walker Well No. 2 
obtains much of its water from the 
river, whereas No. 7, which is farther 
from the river, constantly yields water 
of a greater sulfate content. 
2. The Schwab Dairy and the new 
Dodge Street Well waters are almost 
identical, and by virtue of a high ni-
trate content these, incidentally, ap-
pear largely typical in character of 
waters from the glacial outwash from 
the northwest. 
3. The Sanitary District well, which 
is closer to the river, yields water of 
lower sulfates, indicating a large pro-
portion of its source to be from the 
river. 
4. Spot samples at other wells in-
dicate that more river water is pres-
ent, as the location of these wells is 
closer to the river. Of corresponding 
Fig. 10. Character Patterns of Wells in Peoria Industrial Field 
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interest is the fact that the wells show-
ing a high percentage of river water 
are not the heavy producing wells in 
this field. 
Some question has been raised con-
cerning the extent to which river 
water may enter the ground water 
formations. This question is based 
on the fact that the river bottom above 
the dam is covered with a silt deposit 
estimated to average 10 ft. in thick-
ness and found to have a maximum re-
corded thickness of 25 ft. It is con-
ceivable that this silt deposit, having 
only about 12 per cent water content, 
may act as a relatively impervious 
barrier to the transfer of river water. 
The interpretations do not indicate 
where or how river water enters the 
ground at each field, but do indicate 
that it does to a variable extent, de-
pending on the location of the well. 
It is estimated that 34 per cent of 
the over-all estimated pumpage of the 
area, exclusive of Sankoty Field, is 
of river origin. The 11 mgd. pumped 
in the Pekin Field below the dam 
derives some 73 per cent of its water 
from the river. Of the 37 mgd. 
pumped in the Peoria Industrial and 
the East Peoria fields, only 14 per 
cent is estimated to be of river origin, 
and 10 of the 14 per cent is estimated 
to come from Farm Creek. No esti-
mate is made on the percentage at 
Sankoty Field. 
As a whole, the study has been 
highly interesting. The data serve as 
additional bases for hydrologic inter-
pretations and to supplement the hy-
drologic conclusions. 
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